Introduction
In contemporary global development discourse, climate change is considered a great threat to sustainable development. Indeed, climate change is a matter of life and death due to its grave impact on socioeconomic development, particularly in the Global South (FAO et al., 2017; IPCC, 2018) . The United Nations Framework Convention on Climate Change (UNFCCC) defines climate change as "a change of climate which is attributed directly or indirectly to human activities that alter the composition of the global atmosphere and that is in addition to the natural climate variability observed over comparable time periods" (UNFCC, 2011) . Substantial body of literature has demonstrated that climate change is mainly attributed to anthropogenic activities (Anderegg et al., 2010; Doran and Zimmerman, 2009; IPCC, 2013) . Manifestation of climate change in the body of literature includes rise in temperature and sea levels, increase in the emission of greenhouse gases (GHGs) and erratic, unpredictable and unreliable rainfall patterns and seasons. In addition, melting of ice and glaciers, floods, droughts and ENSO have dominated literature on climate change (IPCC, 2018 (IPCC, , 2013 .
In Ghana, about 1 C increase in temperature occurred between 1960
and 2000 (MESTI, 2013) . Future projections indicate that about 1.7 C-2.04 C increase in temperature will be observed in Ghana (MESTI, 2013) . In addition, about 2.1mm per annum rise in sea level occurred between 1960 and 2000 and it estimated that by 2020, 2050 and 2080 about 5.8 cm, 16.5 cm and 34.5 cm rise in sea level will occur respectively (MESTI, 2013) . Moreover, GHGs emission in Ghana increased from 12.2 MtCO2e to 24 MtCO2e between 2000 and 2006 (MESTI, 2013 . Asante and Amuakwa-Mensah (2015) report that about 107% increase in GHGs emissions occurred in Ghana between 1990 and 2006 . In effect, the changing climate has resulted in erratic, unpredictable and unreliable spatial and temporal distribution in rainfall in Ghana (Kabo-Bah et al., 2016; Nyatuame et al., 2014) . These changes threaten economic and social development and spell doom for an agrarian economy like Ghana. Agriculture still plays a dominant role in the livelihoods of households in Ghana, serving as a stimulus for economic growth, providing food security and assisting in poverty reduction (MOFA, 2016) . Even though there has been a decline in agricultural sector's performance and its contribution to most socioeconomic indicators, the sector still plays a central role in the Ghanaian economy. For instance, currently the sector contributes about a quarter to the country's GDP but still absorbs the highest proportion of the Ghanaian total employed population, with about 44.7% of the labour force employed in agricultural sector (MOFA, 2016) . Notwithstanding, Ghana's agriculture is dominated by smallholder farmers who contribute about 80% of food produced (MOFA, 2016) . These farmers have limited capacity to adapt effectively to climate change. In addition, agriculture is less mechanized and subsistence in practice, and dominated by the application of physical energy and rudiment tools such as cutlass and hoes. Moreover, only about 3% of arable land in Ghana is under irrigation (MOFA, 2016) , which demonstrates the high dependency of Ghana's agriculture on climate particularly rainfall.
The amount of precipitation received determines the availability of water (IPCC, 2013; Nyatuame et al., 2014) , for multiple purposes including transportation, hydropower generation, industry and agriculture. Indeed, water is one of the essential natural resources that support both human and animal life. It also serves domestic purposes such as cooking, washing and consumption. One of the most important source of water particularly in developing economies is rain. In Ghana and Sub-Saharan Africa in general, access to water is a great challenge (Sissoko et al., 2011) , that hinders social and economic development. This stems from the fact that climate change affects water resources directly through reduction in amount of precipitation and indirectly through high temperature and the corresponding increase in evaporation (IPCC, 2013 (IPCC, , 2007 . According to Arnell (2004) , about 75-250 million Africans are likely to experience water scarcity, due to rising temperature and erratic rainfall.
Nevertheless, few studies have explored rainfall and temperature trends in Ghana (Boansi et al., 2016; Kabo-Bah et al., 2016; Nii Baah, 2018; Nkrumah et al., 2014; Nyatuame et al., 2014) . Most of these studies focused on specific areas or regions such as Volta Region (Nyatuame Fig. 1 . Ecological zones in Ghana. Source: Kemausuor et al., 2013 .
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Characteristics of ecological zones in Ghana. et al., 2014 ), Central Region (Nii Baah, 2018 , Upper East Region (Issahaku et al., 2016) and Kumasi (Campion and Venzke, 2013) . Kabo-Bah et al. (2016) took a step further to examine rainfall and temperature across 22 meteorological stations in Ghana but focused on climate change and hydropower generation nexus. While the present study recognizes the growing body of literature, there is a dearth of literature on rainfall and temperature across agro-ecological zones in Ghana. Hence, this study fills the identified gap and contributes to the growing body of literature by assessing changes in rainfall and temperature from 1989 to 2015, across different ecological zones. The remaining sections of the paper present the methods, findings and discussion, conclusion and implications.
Materials and methods

Study setting
The study explored climate change in the six agro-ecological zones in Ghana, which is located in West Africa on Latitude 4 44 0 N and 11 11 0 N and Longitude 3 11 0 W and 1 11 0 E and shares border with Ivory Coast to minor season is from September to October. In the case of mono-modal rainfall zones, the season starts from July to September (MOFA, 2016) . These therefore reinforce the major and minor farming seasons in Ghana. Table 1 provides detailed information on the characteristics of ecological zones in Ghana.
Data collection
The study sourced secondary climate data from Ghana Meteorological Agency in Accra, in 2016. The collected data comprised daily rainfall and temperature from 1989 to 2015 and covered six regions across the six ecological zones in Ghana. Western, Greater Accra, Ashanti, Brong Ahafo, Northern and Upper East Regions were selected respectively from Rainforest, Coastal Savannah, Semi-Deciduous Rain forest, Forest Savannah Transition, Guinea Savannah and Sudan Savannah ecological zones. Aside the differences in ecological zones, the selected regions also exhibit different rainfall and temperature characteristics.
Data analysis
The researchers screened the data for missing values and filled missing values through last-observation-carried-forward (LOCF) approach, which has been used in previous studies (Chepkoech et al., 2018) . In applying LOCF, missing numerical values are imputed with preceding values (Chepkoech et al., 2018) . The imputed and observed values are then analyzed as if there was no missing values in the data (Lachin, 2016) . Monthly and annual data were computed. The study used descriptive statistics to understand monthly, annual and seasonal characteristics of rainfall and temperature in ecological zones in Ghana. Descriptive statistics such as mean, standard deviation (SD) and variance were computed. Other computations included range, kurtosis, skewness and coefficient of variation (CV). Coefficient of variation was computed as sd x and was used with standard deviation to examine variability and predictability of climate (Nyatuame et al., 2014) .
To examine rainfall and temperature trends in ecological zones in Ghana, the study employed Mann Kendall test, linear regression and linear plots. These tests have been widely used in previous studies (Chepkoech et al., 2018; Jaiswal et al., 2015; Kabo-Bah et al., 2016; Longobardi and Villani, 2010; Nkrumah et al., 2014; Nyatuame et al., 2014) . Mann Kendall is one of the non-parametric tests that has gained dominance in climate trend studies (Jaiswal et al., 2015; Kabo-Bah et al., 2016; Li et al., 2018) , as it is flexible to normality and homogeneity and insensitive to sharp breaks in time series data (Jaiswal et al., 2015; Karmeshu, 2015) . Thus, it does not require data to be normally distributed and homogenous. In Mann Kendall test, non-detect data are assigned common values and the assigned values are smaller than the smallest value in the data set (Blackwell Publishing, cited in Karmeshu, 2015:15) . According to Jaiswal et al. (2015) Mann Kendall test sequentially compares data in the data set to each other. In the process of comparison, Karmeshu (2015) stipulates that Mann Kendall (S) statistic is incremented by 1, if the value of a later time period is higher than the value of an earlier time period. Alternatively, a decrement of 1 occurs if the value of a later time period is lower than the value of an earlier time period (Karmeshu, 2015) . The test also assumes that data set is randomly ordered and independent. Hence, it tests the null hypothesis that there is no trend (Chepkoech et al., 2018; Jaiswal et al., 2015) . The alternative Linear regression analysis explored relationships and patterns in temperature and rainfall. Previous studies used linear regression to assess temperature and rainfall trends and relationships (Chepkoech et al., 2018; Jaiswal et al., 2015; Kabo-Bah et al., 2016; Longobardi and Villani, 2010; Nkrumah et al., 2014; Nyatuame et al., 2014) . In performing linear regression test, a straight line is fitted to the data. The slope of the fitted line may or may not necessarily differ significantly from zero (Jaiswal et al., 2015; Kabo-Bah et al., 2016; Nkrumah et al., 2014) . The dependent variables (Y) were temperature and rainfall and the independent variable (X) was year. In addition, trends lines for each ecological zone was plotted and the coefficient of determination (R 2 ) (Pallant, 2016) determined the relationship between rainfall/temperature and year. Moreover, the study assessed mean differences in temperature and rainfall in ecological zones. To do this, one-way analysis of variance (ANOVA) test was performed. Where significant mean differences were found, post-hoc comparison with Tukey HDS test examined the differences between the means. The null hypothesis stated that there is no significant differences in mean temperature and rainfall between the ecological zones while the alternative hypothesis assumed that there is a significant differences in mean temperature and rainfall between the ecological zones.
Results
Descriptive statistics of rainfall and temperature in ecological zones
The total rainfall in the deciduous forest from 1989 to 2015 was 85391.5mm (M ¼ 3126.7mm; SD ¼ 226.3mm) while the average annual rainfall was 7116mm (M ¼ 263.6mm; SD ¼ 18.9mm) as shown in Table 2a . The major raining season had a mean rainfall of 2003.6mm with a standard deviation of 171.1 mm at a range of 953.6mm. The major raining season in the deciduous forest was negatively skewed (-3.621mm) but significantly peaked (16.195mm). The minor raining season had the highest deviation of 199.8mm indicating a high degree of inconsistency and variability of rains in the minor season. Low coefficient of variation associated with total annual, average annual, major and minor rains indicates high reliability and dependability of rainfall particularly for agricultural purpose. The highest mean monthly rainfall in the deciduous forest is June (M ¼ 551.4mm; SD ¼ 72.3mm) which contributes about 17.6% of total annual rainfall. Surprisingly, September received the maximum rainfall of 846.3mm. With the exception of January, February, August, November and December, the monthly rains in the deciduous forest are highly dependable and reliable with coefficient of variation less than 0.5mm. Table 2b presents the temperature statistics in the deciduous forest. The average annual temperature is 27 C with a low standard deviation of 0.62 C which indicates less variation or dispersion in temperature. February and March are the hottest months with maximum temperature of 30.3 C and 30.4 C respectively while June and July being the coolest temperature months in the deciduous forest. The transitional zone, as shown in Table 3a has total rainfall of 104110mm (M ¼ 3855.9mm; SD ¼ 445.2mm). The major and minor raining seasons are reliable and dependable with coefficient of variation less than 0.5mm. The major raining season is also variable or inconsistent than the minor raining season, with a high standard deviation of 313.9mm. The wettest month is June, with an average rainfall of 549.2mm. However, September is the month that received the maximum rainfall (1040.1mm). The results also show that rainfall in month of July in the transitional zone is highly variable, with a high standard deviation of 160mm. Unsurprisingly, the month with the lowest mean monthly rainfall was January (37.2mm), followed by December, which recorded an average rainfall of 62.1mm. Rainfall in January, February, November and December are highly unreliable, with high coefficient of variation. In the case of temperature, the average annual temperature in the transitional zone is 27 C with the hottest temperature recorded in February (30.3 C) and March (30.4 C) as shown in Table 3b . July and August are the coolest temperature months with 23.8 C and 23.5 C respectively. Table 4a shows the distribution of rainfall in the coastal savannah. The results show that the average annual rainfall in this ecological zone is 3228.7mm (M ¼ 119.6mm; SD ¼ 25.3), as shown in Table 4a . With the exception of the major season (CV ¼ 0.2), minor and dry seasonal rains are unreliable with 0.6 coefficient of variation each. However, the major season rains are dispersed and inconsistent with high standard deviation of 241.6mm. The month of June is the wettest month with total rainfall of 8983.3mm (M ¼ 332.7mm; SD ¼ 161.2mm). Also, monthly rainfall in the coastal savannah are highly unreliable, with coefficient of variations greater than 0.5mm, with the exception of rainfall in the month of May. The month with the lowest amount of rainfall is January, which recorded a total rainfall of 594.6mm, followed by the month of August (860mm). Rainfall in December is significantly peaked (Kurtosis ¼ 6.217) and skewed to the right (Skewness ¼ 2.091). For temperature in the coastal savannah, the average temperature is 27.8 C as shown in Table 4b .
Temperature is fairly consistent with low coefficient of variations. The The Guinea savannah receives a total annual rainfall of 29136mm (M ¼ 1079.1mm; SD ¼ 86.15mm) as shown in Table 5a . Both major and dry rains are fairly reliable with 0.09mm and 0.1mm coefficient of variations respectively, which peaks at 651.1mm for the major rains and 654.6mm for the dry season rains. It is interesting to note that why the Guinea savannah has just mono-modal rainfall pattern, the observance of a minimum and maximum rainfall of 369.7mm and 654.6mm respectively for the dry season rains indicates a typical change in the rainfall pattern, which may be associated with climate change. Although the raining season in Guinea savannah usually starts in June, the data shows that rainfall picks up from April with a maximum rainfall of 2666.3mm and peaks in September at a maximum rainfall of 5340mm. There is a remarkable increase in the amount of rainfall received in October, which is unusual of the Guinea savannah. Rainfall from April to October is reliable with coefficient of variations less than 0.5. The average annual temperature in the Guinea savannah zone is 28.3 C as shown in Table 5b . The minimum temperature ranges between 25.7 C to 30.5 C while the maximum temperature is between 26.6 C and 32. Table 6a . The results of rainfall and temperature distribution in Sudan savannah is 25827mm (M ¼ 956.6mm; SD ¼ 2.5.6mm), with the main raining season receiving a maximum of 1026.6mm of rainfall as opposed to 534.5mm for the dry season. The month of August is the wettest month with total rainfall of 7028.8mm while January is the driest month with total rainfall of 50.2mm, followed by December, with 76.6mm of rainfall. Rainfall in November and December is positively skewed and highly peaked. Also rainfall in Sudan savannah is highly unreliable in almost all the months, except for July, August and September. In the case of temperature, the Sudan savannah records an annual average temperature of 29.2 C with February, March, April, May, June and November being the hottest months as shown in Table 6b . There is less variation in temperature in Sudan savannah. Rainfall and temperature distributions in the rain forest zone are shown in Tables 7a and b respectively. The results indicate that average annual rainfall in the rain forest is 8548.2mm with a mean of 316.6mm and a standard deviation of 24.3mm. Seasonal rainfall is reliable, both in the wet and season. The month of June is the wettest month and contributes about 22% of total annual rainfall. The driest month in this zone is January, with an average rainfall of 69.39mm, followed by February with 108mm average rainfall. Surprisingly, although the months of November and December are mostly in the dry season in the rain forest zone, rainfall in this zone are fairly good. The results also show that with the exception of rainfall in January, February, July, August and December, monthly rainfall in the rain forest is dependable and reliable particularly for agricultural purpose. In the case of temperature, the results show an average annual temperature of 27.3 C with a standard deviation of 0.28 C. Minimum temperature ranges from 24.7 C to 27.6 C while maximum ranges from 26.4 C to 30.2 C. March is the hottest month while August is the coolest month. There is less variation in temperature in this zone as it is the case in other zones.
Trend analysis of rainfall and temperature in ecological zones
The results for the trend analysis of rainfall and temperature in the deciduous forest ecological zone is shown in Fig. 2 , which indicates an increasing trend in rainfall and temperature. However, the monthly rainfall which depicts the bi-modal rainfall pattern in the deciduous forest shows a decreasing trend. Unlike the trend plots, the results of the Mann-Kendall test in Table 8 indicate no significant trend in rainfall except for temperature where an increasing trend is detected. In addition, the linear regression results show an upward trend in rainfall and temperature in the deciduous forest. Except temperature which showed a significant trend (p < 0.05), there is no significant trends in seasonal and average rainfall. In addition, there is a weak relationship between rainfall and temperature and year as shown by the R-square statistic.
In the transition zone (see Fig. 3 ), there is an increasing trend for major, minor, monthly and annual average rainfall and temperature. However, dry season rainfall show a decreasing trend. The Mann-Kendall test results in Table 9 shows a significant positive trend in minor season rainfall (p ¼ 0.045) and temperature (p ¼ 0.001), and an insignificant downward trend in dry season rainfall. The regression results equally show a downward trend in dry season rains. In addition, the regression results reveal a signigicant upward trends in minor season raifall and temperature and an insignificant upward trend in dry, major and annual rainfall.
The monthly rainfall in the coastal savannah reveals a bi-modal rainfall pattern and a decreasing trend in montly rainfall as shown in Fig. 4 . There is, also, an increasing trend in temperature, minor, major and dry season rainfall. However, there is no significant trend in rainfall as shown by the Mann-Kendall test results in Table 10 . The regression analysis shows an upward but insignificant weak trends in major and dry season rainfall while a significant trend and moderate relationship is detected in minor and annual rainfall and temperature.
In Fig. 5 , we present the monthly rainfall pattern of the Guinea Savannah agroecological zone, which shows a mono-modal rainfall pattern. The trend plots reveal an increasing trend in monthly, major, dry and annual rainfall and temperature. In the case of trend analysis in Table 11 , Mann-Kendall test detected significant trends in dry season rainfall and temperature, which were also confirmed by the regression analysis. The regression analysis however, showed a weak relationship for major, dry, annual rainfall and temperature as indicated by the weak R-square statistic. A mono-modal rainfall pattern was also revealed in the Sudan savannah as shown in Fig. 6 . The result shows increasing trends for monthly, major, dry and annual rainfall and temperature. While MannKendall test in Table 12 detected no trend in rainfall and temperature, a downward trend (S ¼ -7.00) is observed in major raining season concurred with a similar trend in the regression analysis. The regression results showed no significant trend in rainfall and climate variables while a weak relationship is established between dependent variables (rainfall and temperature) and independent variable (year).
In the case of rain forest, there is a bi-modal rainfall pattern (see Fig. 7 ). The trend plot reveals a decreasing trend of monthly, major, minor, dry season and annual rainfall. Temperature however, showed an increasing trend. Mann-Kendall test and linear regression results in Table 13 showed an insignificant downward trend in major and average annual rainfall while a downward trend was shown in minor season rains from regression analysis. In addition, Mann-Kendall and linear regression showed significant trend in temperature (p < 0.05).
The trends of total annual rainfall in ecological zones in Ghana are presented in Fig. 8 . The results reveal an oscillatory trends of rainfall across ecological zones in Ghana. While an increasing trend is detected in deciduous forest, transition zone, rain forest and coastal savannah, a consistent regular trend is found in Sudan and Guinea savannah zones. There is also more variation or oscillation in rainfall in rain forest, deciduous forest, coastal savannah and transition zone than in Guinea and Sudan savannah. This may be explained by the presence of forest, mountains, coastal and river bodies which influence the amount of rainfall received in rain forest, deciduous forest, coastal savannah and transition zone. The Guinea and Sudan savannah have less of the orographic features to influence the amount of rainfall received.
The trend analysis of rainfall in ecological zones is displayed in Table 14 . While Mann-Kendall test showed an insignificant upward trend across all ecological zones, there was a downward insignificant trend in rain forest (S ¼ 7.0). The regression analysis also showed an insignificant downward trend in rainfall in the rain forest. The regression analysis showed an insignificantly weak relationship across ecological zones. The results on trend of temperature show an increasing trend in temperature across ecological zones in Ghana, with more variations observed in deciduous forest and transition zone (see Fig. 9 ). The highest temperature is recorded in Guinea and Sudan savannah, and this is partly due to their proximity to the Sahara desert, in addition to the absence of orographic features. Table 15 in addition, the Mann-Kendall test revealed an increasing trend in temperature in almost all ecological zones, except for the Sudan savannah agroecological zone. The regression analysis also revealed a significant trend in temperature in transition zone, coastal savannah, Guinea savannah and rain forest, and insignificant trends in deciduous forest and Sudan savannah. The strength of the relationship is displayed by the R-square statistic in the regression analysis. A moderate relationship is observed in transition zone, coastal savannah, Guinea savannah and rain forest while a weak relationship is found in deciduous forest and Sudan savannah.
The null hypothesis, which stated that there is no difference in the total annual rainfall in the six ecological zones in Ghana was tested against the alternative hypothesis which stated that there is a significance difference in the total annual rainfall in the six ecological zones in Ghana. The results of the analysis of variance is displayed in Table 16 . The results indicate that there is a significant difference in annual rainfall between the ecological zones (F ¼ 635.277, p ¼ 0.000). The post-hoc comparison with Tukey HSD test in Table 17 indicated that there is a significant mean difference in total annual rainfall between deciduous forest and transition zone, coastal savannah, Guinea savannah, Sudan savannah and rain forest. In addition, the transition zone has a statistically significant mean difference between all ecological zones, except the case of rain forest where there is an insignificant difference (mean diff ¼ 56.707, p ¼ 0.977). The results of the post-hoc analysis also show a statistically This study also investigated whether there is a significant difference in temperature across agroecological zones and the results are presented in Table 18 . The results indicate a statistically significant mean difference in average temperature among the six ecological zones in Ghana (F ¼ 115.589, p ¼ 0.000). In view of the statistically significant difference in Table 17 Post-hoc comparisons of total annual rainfall in ecological zones in Ghana. average temperature among ecological zones, Table 19 presents the results of the post-hoc comparison with Tukey HSD test. The results indicate that there is a statistically significant mean difference in average temperature between the deciduous forest and all ecological zones, except the transition zone, where an insignificant mean difference exist (mean diff ¼ 0.081, p ¼ 0.980). Moreover, it is revealed that there is a statistically significant mean difference in average temperature between the coastal savannah and the Guinea savannah, Sudan savannah and rain forest agroecological zones.
Discussion and conclusion
Using secondary data on rainfall and temperature, the study has shield light on the extent of climate change across the six agroecological zones in Ghana. In consistent with previous studies which reported rising temperature in different geographic locations in Ghana (Kabo-Bah et al., 2016; Nkrumah et al., 2014) , this study also found a rising temperature across agroecological zones in Ghana. The trend in temperature has implication on agricultural activities as Ghana's agriculture is rain fed and subsistence in practice. Rising temperature may increase evapotranspiration, reduce surface and underground water and may lead to drought and water scarcity in the long run, which may cause grave reduction in crop yields due to lack of water for crops (IPCC, 2018) . Rising temperature may also affect livestock particularly growth and production patterns, increase heat stress and reduce animal products particularly meat and dairy (Kabubo-Mariara, 2008a , 2008b . There is also the possibility of a reduction in forage and water for livestock (Thornton et al., 2009 ). Thus, increasing temperature has the potential to retard the contribution of agriculture to poverty reduction, food security, livelihood and pro-poor economic development.
Rainfall across ecological zones in Ghana was found to be decreasing, which is consistent with existing studies (Kabo-Bah et al., 2016; Nkrumah et al., 2014) , although Nyatuame et al. (2014) reported oscillatory pattern of rainfall across the Volta region of Ghana. Decreasing rainfall across ecological zones may pose serious threats to agricultural productivity thereby reducing income for smallholder farmers and their households, who depend largely on agriculture, as the main source of livelihood and food security. To offset the impacts of changing rainfall and temperature, particularly on agriculture, there is the need to encourage the use of drought resistant and early maturing crops. Livelihood, crop and livestock diversification can serve as important strategies to reduce climate change impact particularly in rural communities and households (Antwi-Agyei et al., 2014b , 2014a Roy et al., 2018) Irrigation facilities must be provided particularly in hinterlands and rural areas to improve agricultural productivity. Policy makers must ensure the availability and provision of accurate and reliable early warning signs and information to farmers. This is because available research reveal that smallholder farmers in cocoa growing areas in Ghana have challenges in accessing reliable climate information needed particularly for their agricultural activities (Hirons et al., 2018) . Extension and advisory services must also be intensified, particularly, in rural communities to enhance adaptation and adaptive capacity of smallholder farmers. Moreover, social intervention programmes that increase access to economic, social and technological assets to farmers, particularly, in rural communities must be intensified to enhance farmers' adaptive capacity and reduce their vulnerability to climate change.
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